We explore the role of sound as a medium for social reminiscing: 10 families were involved in recording 'sonic souvenirs' of their holidays. They shared and discussed their collections on their return. We compared these sounds with their photo taking activities and reminiscences. Both sounds and pictures triggered active collaborative reminiscing, and attempts to capture iconic representations of events. However sounds differed from photos in that they were more varied, familial and creative. Further, they often expressed the negative or mundane in order to be 'true to life', and were harder to interpret than photos. Finally we saw little use of pure explanatory narrative. We reflect on the relations between sound and family memory and propose new designs on the basis of our findings, to better support the sharing and manipulation of social sounds.
INTRODUCTION
Memory is an integral facet of our social and individual identity. Much recent interest in the technology of memory has been fuelled by technical developments in networking, storage, retrieval and new sensors. This in turn has led to the development of many new tools intended to help our fragile memories [1, 5, 14] . So far, with a few exceptions [12, 26] rather less research has examined how such technologies might be deployed in actual social contexts.
However one area where there has been extensive humancentric research activity is in the technology and practices associated with photos and remembering. Multiple CSCW studies emphasize the social processes involved in photo sharing. These studies reveal that photos tend to be of familiar people (friends, family) portrayed in a largely positive light and at landmark events (holidays, parties) [2, 8] . Narrative, known as phototalk, is also crucial [4, 9] : people collaborate interactively to produce stories about their photos that are shaped in subtle ways by the participants and their relation to the recorded event.
Frohlich [8] argues that there is a connection between the positive quality of most photos and the process of sharing them. When people take photos they are aware that the result will be shared with others, which leads them to edit out potentially negative or embarrassing subjects.
While that prior research has focused on images, talk and memory, rather less work has looked at the relation between sounds, talk and memory. In the current study, we extend earlier work on photos and family remembering, explicitly looking at the relation between sounds and memory in a quintessential mnemonic setting -where participants are creating mementos from a family holiday.
There are various reasons why sound is a promising technology to explore in the social context of memory. Studies of phototalk highlight the crucial role of conversation around the sharing of photos [4, 9] and sound seems a natural way to record such narratives. Other work suggests that sounds can be highly evocative whether in isolation [20, 21] , or when accompanying existing photos [10] . To focus directly on the affordances of sound, we asked participants to create and share with us sound-only mementos of a family holiday. We called these sonic souvenirs, and compared them with regular holiday photos. We address the following questions:
-How do sonic souvenirs differ from photos? We know that photos tend to have predictable content (people, places, events) with a generally positive tone. But do sound mementos have different properties? -Given the opportunity to record sounds, what kind of practices emerge, and what types of sounds do people collect? What are the affordances of sound? How are sonic souvenirs composed and consumed? Like photos, do they capture ideal 'Kodak' moments, or are they accurate representations of what actually went on? Are they always easy to interpret? -How do people share their sounds with others? As with photos, do they engage in collaborative reminiscence?
-What is the role of narrative? Sound seems like a natural narrative technology, but how do people tell stories with sounds? Do people exploit audio to record narratives of events, or do they use audio for different purposes?
RELATED WORK
Although there has been a large amount of work into family communication through awareness [15, 18, 19, 23, 25] , media spaces [13, 16] and technologies for annotating and managing photos [31] , rather less work has looked at the relation between technology and family reminiscence.
The Memory Box [10] used a jewelry box metaphor to associate a recorded narrative with a souvenir, considered of value only if given/received as a gift, but not for personal use. The work identified a clear need for a self-contained, simple technology for recording and play back.
Oleksik et al. [20, 21] investigated the soundscape of the home: participants valued the mundane aspect of domestic sound and the authors explored some design ideas for 'simple to use' technology to capture and replay sound in, so called, 'sonic gems'.
More general research on audio in HCI has explored 'sonification', i.e. mapping data into sound to reveal characteristics of data in support of exploration, often for visually impaired users [28] or on mobile devices [32] . It has also looked at using sounds to increase audience engagement in public spaces [24] and in interactive environments [7] .
Frohlich [8, 9, 10] studied the process of photosharing and proposed using sound to enrich digital photography. Early studies examined sound recorded at the time of photo capture, later he also analysed phototalk.
Studies exploring records of family life are also rare. Stevens et al. [27] studied family archival practice, observing that parents felt a duty to preserve mementos of their children's everyday lives, while children focused on the present and the self, with little reference to the future.
Petrelli et al. [22] asked families with children to create time capsules of both material and digital objects to be opened in the distant future. Families used a huge variety of objects to represent themselves, as well as to reference society at large. Digital mementos seemed problematic for capture, playback and preservation.
The future of personal digital belongings is another underresearched area. People are rapidly acquiring huge personal collections of images, videos, emails, and self-created digital artifacts (school assignments, blogs, Websites) [17] . However most consumers lack the expertise and time to manage and share such complex repositories [18, 31] .
THE STUDY
To examine the affordances of sound for family mementos, we designed a study that combines participant-led sonic experiments and interviews. In the summer of 2008, we gave 10 middle-class, UK families Olympus Dictaphone DS 30 digital voice recorders and asked them to actively record and select sounds that would make up a representative collection of at least part of their holiday.
We recruited our participants through poster adverts in the local community. Each family had to be going on holiday for a minimum of one week, with at least one child aged 7-15. The children generally took a highly active part in the recording activities. Once we had recruited our families, we met them at their homes to give orienting instructions and a hands-on tutorial on how to use the digital recorder. To allow for comparative analysis, we selected families who were also users of digital cameras.
To have participants focus on sounds, we asked them to refrain from using recording devices other than the sound recorder, for 3 days of their choice. We called these sound only days. We hoped this constrained situation would encourage them to engage in the practice of recording sounds, and reflect on their relation to memory. Further we hoped it might allow us to gain insight into the suitability of sound as a mode for story telling, especially when unaccompanied by photos or videos.
We asked them to record a minimum of 30 sounds throughout their holiday. They were completely free as to the kinds of sounds they wished to record. For the remainder of their holiday, participants were free to use any device or medium, such as picture and video cameras, or if they chose, the sound recorders we provided.
Within 3 weeks of their return, we interviewed the families in their homes. We reviewed their sounds and pictures, and heard what they had to say about them. Interviews lasted 2-4 hours, and we visited one family twice. Most family members were present at the interview and took an active part in the discussion. Participants laughed and recounted stories about their holidays while sharing sounds as well as holiday pictures. As we listened to the collected sounds, we asked participants to name and label them for reference.
Interviews and the sounds themselves were analysed to identify recurring topics which were transcribed and clustered by affinity. We identified similar kinds of sounds, as well as similar participant reactions expressed during the interviews. Themes emerging across multiple families were used as dimensions for analysis. Discrepancies between families or individuals were also noted, providing a diverse and exhaustive analysis of the nature of sound related practices and reminscences.
FINDINGS Overall Characteristics and Interpretation of Sounds
All participants seemed to enjoy our sonic exercise and appropriated the activity as their own, recording sounds before, during and after their holidays. In total 654 sounds were recorded. The number of sounds varied from family to family and ranged from the lowest recording rate of only 9 samples to an impressive 197. Although 4 families had recorded over 80 sounds, 3 families recorded fewer than the 30 requested. The number, however, does not seem to be affected by the length of the holidays, e.g. a family that stayed away for 20 days recorded only 9 sounds, another way for 7 more than 50. The clip lengths varied between 30s-12min. Recording style was highly individual, with different approaches being taken even within the same family.
All participants enjoyed reviewing the sounds together as a family and reminiscing. As with phototalk [4, 9] , relistening was a highly interactive, collaborative process, as the following example shows.
A family recorded the sound of tea being poured at an outdoor cafe. As they listened to the clip, it triggered many associative memories: it made them think of the wasps that buzzed around their outdoor table, what they had to drink, as well as the location and other salient landmarks. Notice, too, how different contributions build upon each other, and the entire family takes part in constructing the evolving narrative, as a collaborative recollection [29] . The importance of these collaborative connections and associations cannot be overstated. Listening to a simple sound led to the recounting of an entire story about the holiday. This triggered talk about another place, another sound and another story. Such 'collective remembering' is not only due to having shared the same experience, but also to belong to the same group with shared values [11] . Indeed, relistenings triggered family dynamics and episodes of familial intimacy. We saw laughter, internal jokes and intimate teasing (when the rest of the family mocked the father for not remembering a sound he was not involved in recording), as an essential component of the re-listening.
However, unlike photos, and more like other types of mementos [3, 22] , sounds were considered to be specific to the family. In contrast to their photos, none of the families had shared their sounds with extended family and friends. Indeed, some participants recorded inside jokes that only their immediate family could understand. It seemed as though the sound recordings were considered more personal, a part of the family's history, like a secret memento that is kept for the future (and perhaps only occasionally brought out for 'consumption').
Sounds were also personal in another way: individual family members were more eager to listen to the specific sounds they personally remembered recording, than those recorded by others.
Furthermore, and as seen by the above example, sounds often had the effect of triggering other memories, and participants sought to contextualize them, particularly in terms of their location. During the interviews, when labelling their sounds, participants often referred to the names of the places they had been (some even pulling out paper and digital maps) to situate their sonic collections by connecting and contextualizing them spatially.
What did families record?
Families engaged in many forms of creative practices with their recorders. Some used the recorders to create a narrative about their holiday. For example, one family composed a short introduction to their entire trip and complemented their commentary with the sound of the car pulling out of the drive: "This is the 2 nd of August. We are just leaving for holiday.
Here is the car coming down the drive. Go!" {The sound of the engine and of the brakes squeaking} "Wait for me!"
Perhaps the most striking characteristic of the sounds was their variety. The kinds of sounds participants recorded ranged from mock interviews of other passengers in a train, family conversations, giggles, pseudo radio shows, commentary about the day's activities, to the ambient sounds of insects heard while on a walk. A few participants recorded verbal diaries or more abstract reflections about their trip, speaking into the recorder about their favourite parts of the holiday, and what they were looking forward to on their way back home. Many recordings involved the combination of different types of sounds, i.e. diary-like observations followed by dialogue or ambient sounds. In their reactions to these composite recordings, memories were triggered even when they weren't directly 'captured' in a recording. For example, in the following clip, the narrator introduced the sounds of footsteps of a walk in the woods during a visit to a reptile zoo, where direct audio recordings would have been unsuccessful (iguanas behind glass don't make much noise). A recorded log-like commentary, combined with the sounds of their footsteps, evoked the quiet slithery creatures the family had visited.
{Sound of footsteps, with recorded voice-over}
Child1: "These are the sounds at a reptiliary in the New Forest"
During the interview this drew the following comments:
Dad: "We went to meet a friend of ours [...] This participant points to a number of recurrent themes we will now explore, including the private nature of sounds, records of natural conversations, and semi-scripted interviews. We elaborate on our findings through a series of apparent paradoxes to do with sound:
• the temporality of listening that seems to both expand the remembering, as well as constrain the listener to the pace of the sound;
• the desire to capture real and natural moments, as well as constructed and performative events;
• the evocativeness of certain sounds and their symbolism that may require focused listening and decoding.
We seek to draw attention to these distinct and somewhat paradoxical qualities brought to the fore by participants and their recordings.
IMAGINATIVE FREEDOM OR CONSTRAINING PACE?
According to our participants, sound is often more faithful of duration and details. In summary, the temporality intrinsic to the sound medium is an interesting feature that creates possibilities in terms of creative composition as well as intimate and collaborative reminiscing. Occasionally, however, the demands on the listener's time, and lack of intentional focus are perceived more as a constraint than a positive feature.
NATURAL AND/OR PERFORMATIVE?

Naturalness
Chalfen and Frohlich [2, 8] suggest that picture-taking allows one to present oneself in a 'good light,' often because the aim is to share events with others afterwards. And indeed we found that most families' holiday photos were positive portraits of people and events intended to be shared. We expected to find a similar positive tone in the types of sounds participants recorded, but were surprised to find that many sounds seemed less flattering.
Although there were several instances of positive sounds such as children playing and laughing, we also found other sounds that evoked family life in unexpected and less obviously positive ways. Not only did these participants not strive to 'smile for the recorder,' several families recorded sounds of disputes they had while on holiday: siblings arguing, parents sternly quieting them, etc. Participants were given the choice to vet their collections before discussion. A few families preferred not to record or preserve arguments, and even deleted sounds that included voices that were not part of the planned recording. Most however, chose to keep sounds of themselves as a chaotic family, whining and quarrelling with each other. Some didn't always know they were being recorded at the time by one of the family members, yet chose to keep them. Others knowingly left the recorder on during a heated discussion.
Here, two sisters recorded themselves spending time together in a tent. One of them turned off the music and they tried hard to agree on what to play next:
{Music is playing and then stops}
Listening to this particular recording of the children negotiating and chiding each other evoked a great deal of pleasure in their parents. They considered it a very 'typical' recording and were highly amused when hearing it.
"It's brilliant, it's just great! […] as a kind of show of siblings".
The parents laughed almost to tears and coughs. They were genuinely moved by the interaction between their children.
"I haven't heard that before […] It's very nice to hear that. Children behave differently when you're not there and because you're not there you don't know what it's like, so a recording of what they were doing while we weren't there is -it's lovely […] it's fantastic though isn't it! I think it's wonderful to listen to […] you can hear them trying to find their way to settle things."
Less posed than a picture, audio gave the impression of being much more real and intimate, because of the recorder's unobtrusiveness, leading to the possibility of eventually forgetting about the presence of the device. 
Performances
Other sounds were the direct opposite of the natural private recordings. They can be thought of as experimental and performative. Participants created radio shows, put on airline pilot voices and sang songs into the device.
Here is an example -while exploring a bay, a son and father make up a radio show, dubbed Radio Tom delivered in mock documentary style:
Dad: "We are now coming to the bay -over to Tom" These practices of carefully staging what is to be recorded seem to fit more closely with those of posing for the camera, although the energy and creativity evidenced in the sounds seem to outdo most of their posed holiday pictures in terms of originality. As with the more intimate recordings, re-listening to these sonic performances after their holiday spurred huge amounts of laughter in the participants.
In summary, participants captured plenty of natural sounds as well as aspects of normal life, from arguments to boredom and empty times. At the same time they constructed 'artificial' situations and recorded the associated performance producing quite the opposite effect. This apparent paradox brings to the fore the flexibility of the sound medium. Photos, although having the same potential, do not seem to stimulate such a range of creativity and engagement.
SOUND AS SYMBOL OR MEMORY TRIGGER?
People's attitude to recording was very different from family to family. Some families didn't record many conversations, claiming that these 'just didn't sound natural,' because people tend to perform for the recorder. For them, the act of recording was intentional and they avoided recording candid sounds of people, claiming that to do so might be viewed as deceitful. Acknowledging this, and deliberately not recording intimate moments, they preferred to focus on their environment by recording ambient sounds and at times accompanied these by explanatory log-like narratives: 'We recorded the sound of this song because it's what we were listening to during that week', the song symbolising summer 2008. Thus sound recordings, like photographs of the cottage where one family spent their holiday, served as an iconic marker, encapsulating where and when the holiday took place.
One family carefully planned the recording of certain sounds that typified highlights of their holiday. Often these required several attempts to get the desired noise, like that of a steam train whistle. There is clear intentionality in these recordings -an attempt to capture the essence of a place, a specific experience, or the entire holiday. Some ambient sounds seemed to evoke a place in a way a picture can't: "this is the silence of the desert".
Sounds also became evocative and intentional symbols. Cicadas recorded in the summer were recorded to warm up and colour a cold, grey 
.] And it's very distinctive. But if you didn't know it was that, I don't know if you would [...] go ahh! That's the moths."
As well as being representative of the place and time, such ambient sounds also triggered unanticipated memories. A family went to a summer camp with other families where they stayed close to a river. Here they reconstruct a family walk. Again, note how every family member contributes and builds upon others' thoughts, as well as the obvious pleasure they take in collectively remembering.
{listening to a recorded sound of muffled voices and footsteps} {Everyone laughs again}
Ambient sounds also offered a positive 'true to life' quality. In the context of another family interview, children were excited to hear sounds their mother had recorded of them playing in the pool: "They were sounds we often heard while we were staying there -these two playing. They just seemed to be having fun. It was a nice noise." The sounds of the water and the children laughing brought back a string of memories related to the particular layout of the country cottage in which they stayed, and to the toys they played with in the water. This then evoked the recollection of the activities they had done before and after swimming. The ambiguous quality of sound that made it at times poetic and evocative also made it somewhat cryptic. Participants had to, in a sense, 'get into the sound' in order to recall and reminisce. As such, sound seemed to require a more sustained engagement and contemplation than did photographs. Pictures were fragments, snapshots, yet often easier to decipher. No participants had to guess what their pictures represented. In contrast, there was sometimes a delay in recall that occurred with sound, a kind of moment in between the sound hitting one's ear and the 'ahh! Yes, that's the sound of…' spark of recognition.
To recapitulate, symbolic sounds were often recorded as a way of pinpointing something special and particularly evocative of the holiday. At capture time, participants predicted the effect the sound would provoke when relistening. However, when listening, those sounds needed decoding. It seems that the act of recording was actually what encoded the special meaning of the sound.
DISCUSSION
We conducted a relatively short-term intervention and longer-term explorations are needed to better understand relations between sound and memory. Nevertheless our study adds to the rich existing CSCW literature documenting social processes and technologies for family photo sharing. Consistent with that work, we observed processes of interactive social reconstruction around shared mementos, and the use of symbols to trigger memories of key events or people. However there are significant differences between sounds and photos. This gives rise to various novel technological suggestions that are very different from photo sharing tools.
Sounds versus Pictures
There were obvious overlaps between sounds and pictures as family holiday mementos. People take 'iconic' pictures of their holiday cottage or a view of a bay where the aim is to represent key events or experiences [2, 8] . Participants used non-narrative ambient sounds in the same way. Train whistles, children playing or cicadas were used to capture the essence of moods and places. And collaborative reminiscence around sounds was an interactive family experience with many of the same collaborative aspects that have been documented in phototalk studies [4, 9] .
However there were other major differences between sounds and pictures. Sound as a medium seems to leave participants much more open to exploration compared with picture taking. Perhaps this is because, unlike family photo albums or preformatted baby's first-year books, there doesn't seem to be a pre-existing 'cultural' norm for how to record and collect sounds. Without prior conventional formats, our participants seem to have explored a wide range of sonic recordings.
This led to unexpected uses, one of which was to record the natural, even in less flattering ways. We heard many clips that captured real-life events -whether this was the boredom of sitting in a tent in the rain, or the reality of a family argument about what music to listen to. Here there was no airbrushed posing for the camera, and negative feelings were captured. They were valued precisely because they expressed the reality of family life, or holidays as they 'really were'. At the opposite extreme we saw highly constructed content in the form of radio shows, journals and interviews -which were clearly pre-planned and carefully composed.
Other ways in which sounds differed from pictures were in their interpretation. Unlike viewing photographs, listening to sounds demanded attention and focus. Families collectively engaged in a kind of deciphering game, recognising the sound, and recalling where and when it was captured, sometimes listening several times before naming it. Even veridical sounds tended to be harder to interpret than pictures, although once successful, interpretation was highly evocative and the collective process highly enjoyable.
Finally unlike pictures, no one envisaged sharing their sounds outside the immediate family. This may in part be due to the practical details of editing and manipulating sounds, or it may result from the lack of pre-existing social practices associated with sharing sounds. This in turn may be why participants were happy to capture family bickering, because the records were not being shared outside the immediate family.
We expected sound capturing devices to be ideal for recording the explanatory narratives that are known to be central to phototalk (e.g. 'here we are at the beach'). Our participants did indeed record some talk, but this mainly seemed to include the naturalistic (arguments, crosstalk) and the performed (radio shows, interviews), with only a few detailed descriptions of 'what happened when' in people's daily logs. As others have observed [12] , it may be that the value of explanatory narratives only occurs in the social context of explaining mementos to others, i.e. when interactively sharing.
Design Implications
When we talked to participants, although they hugely enjoyed relistening and reminiscing with us they couldn't clearly imagine what they might do with their sounds. Again this might relate to the absence of existing practices associated with recording and sharing sounds, but their obvious enjoyment indicates there is enormous potential for new technologies. It is also clear that current technologies don't facilitate the manipulation and playback of sounds. Ironically, this is still the case when the advent of mobile digital music, i.e. iPods or MP3 players, has made the management of personal music collections very easy and their use pervasive. One strategy is therefore to look at current users' activities where sound is involved and devise ways to embed personal sounds in those contexts. Expanding on the iPod concept then, one can imagine directly downloading recorded souvenirs (maybe captured via mobile phones) and playing them 'shuffled' or intermingled among music tracks. Similarly, a 'serendipitous rediscovery' could be planned by playing a random clip from a family's collection every time the PC is switched on, instead of the standard anonymous 'booting' music clip. This would act like the sonic equivalent to the common practice of using a personal photo as screen saver.
However, another strategy might be to create completely new sound technology. Sonic souvenirs could be associated with relevant material souvenirs via RFID tags. Playback could occur when the object is moved next to some playing device. This design would support explicit reminiscing, e.g. playing the cicadas sound when turning on the central heating on a cold winter day to be reminded of summer.
A more radical design is 'sonically augmented creative technologies'. We were encouraged in this direction by the evident creativity and enthusiasm for constructing sonic souvenirs, as well as the obvious pleasure that people took in reminiscing about them.
One such device might be a family scrapbook in which one could incorporate collected sounds. Families often make visual sketchbooks of pictures and drawings to preserve their memories for the long term, and engage in creative collective tasks in the present. Short sonic snippets could become an integral part of an autobiographical sonic family album. An early experiment with a mixed media scrapbook [30] required using a PC for playing back. Instead, the technology we envisage for playback is hidden in the book spine. Playback would occur when an action is detected on the page containing the sonic tag (e.g. turning the page, detected via a light sensor; hand touch, detected via a heat sensor; or RFID activation via a pen).
For those more artistically inclined, the sketchbook could be a 'sketchwall', or projected surface on which one could draw, as well as drag and drop sounds [6] . The sketch would be augmented with snippets from the family sound library. Family members would update their sound library by remotely sending their audio snippets from their mobile devices while engaging in their other daily activities at home or outside. The sonic sketch wall could visually capture the associative quality of memories, and the collaborative character of family life.
When reviewing their sounds, most families expressed an interest in having a sound-editing tool, to shorten their longer sound snippets. This would be an appropriate feature for our sketch wall, allowing people to manipulate sounds as well as add and delete them.
Another approach might be to focus on the everyday, whether this is capturing passing traffic, arguments, boredom or crosstalk. While we would shy away from approaches that suggest recording large parts of our lives for posterity [1, 14, 26] , collecting fragments of these are evocative, as well as fun to interpret. Other work with passive recording technologies suggests how such veridical examples can serve as evocative proxies for everyday activities [12] .
CONCLUSIONS
We add to studies of technologically mediated reminiscence by exploring the role of sound as a medium for social memory and recollection. We extend and elaborate concepts of memory, mementos and narrative. As with phototalk, reminiscing was a highly interactive and social process. And as in previous work [22] , in generating mementos, families went beyond passive capture via simple recording. Instead they engaged in highly constructive and creative practices. The resulting mementos, the 'sonic souvenirs', were often intimate and somewhat hard for nonparticipants to share and comprehend. And consistent with prior work we saw that a huge range of different sounds can serve as mementos, and the reason for constructing a given memento is private and highly symbolic. Although sounds are rich and evocative, our results indicate that technologies for accessing and sharing sounds need to be very different from current photosharing tools.
